they damage tissue, and what kind of disease(s), in addipost-infection with the wild-type strain, viruses with the Phe to Leu change are found in murine recipients' tion to immune complexes, can they cause?
Viruses that persist must first devise a strategy to spleens, lymph nodes, and macrophages. In contrast, the Phe marker does not change in infected neurons remain within cells for a prolonged period of time without disturbing the transcription or translation of the genes even at one year post-infection. Selective competition both in vitro and in vivo (Dockter et al., 1996) favors the necessary for the infected cells' survival. Also, such viruses must not alter lysosomal or plasma membranes wild-type strain over Clone 13 for neuronal replication. However, more efficient replication of Clone 13 than of or cytoskeletal structures of the infected cells. Second, viruses must escape immune surveillance. Since the the wild-type in antigen presenting cells and splenic lymphocytes suggests that unique cellular transcription CTL is the major player in discriminating self (host antigens) from foreign (viral antigens), viruses need to evade factors are likely to play a role in selection of one virus species over another and illustrates the need to study recognition by CTL. Most often this occurs by interference with antigen presentation, MHC restriction, CTL interactions between each virus and the particular differentiated cell(s) it infects rather than a conveniently availactivation, and/or CTL activity (reviewed by Furth et al., 1996) . For example, human herpes simplex virus (HSV) able cell in the laboratory. Biologically, adult mice persistently infected with the expresses an immediate-early protein, IPC-47, that blocks presentation of viral peptides to MHC class immunosuppressive variant exhibit a generalized and not just a LCMV-specific immunodeficiency, since they I-restricted CTL. IPC-47 binds TAP, a protein transporter normally responsible for translocating the cytosolic pepfail to mount efficient immune responses to other viruses, parasites, or tumors. The mechanism involved is tide to the endoplasmic reticulum (ER) where MHC molecules are synthesized (Furth et al., 1996; Hill et al., 1995) . preferred replication of this immunosuppressive variant in follicular interdigitating dendritic (professional antiHuman cytomegalovirus (HCMV) uses a series of different genes, unique short (US) 2 and 11, to rapidly degrade gen-presenting) cells and in the spleen and lymph nodes, as well as persistent infection of T lymphocytes the MHC complex, presumably by shunting the MHC complex back out into the cytosol for degradation by and macrophages. By contrast, the parental ARM strain replicates preferentially in F4/80 ϩ macrophages in the proteosomes (Furth et al., 1996; Wiertz et al., 1996) . Although HSV and HCMV studies are elegant biochemired pulp of the spleen (Borrow et al., 1995) . Hence, the tropism of the immunosuppressive LCMV variant in cally, the role of these viral genes in persistent infection should be interpreted cautiously until there is evidence CD4 ϩ T cells and macrophages, involvement of professional antigen-presenting dendritic cells, and the resulthat they reproduce their in vitro effect in vivo and in cells where they usually persist in (HSV/neurons, HCMV/ tant generalized immunosuppression closely mimic events typical of HIV infection. The causes of this immumonocyte-macrophages, and lymphocytes). The adenovirus A2 E3 gene complex contains and encodes a nosuppression is destruction of the virus-infected dendritic cells by CD8 ϩ LCMV CTL (Borrow et al., 1995) , gp19 molecule, the carboxy terminus of which contains a sequence motif that binds to MHC class I molecules the same immunopathologic process postulated for HIV infection (Hayes et al., 1996) . and retains them in the ER (Furth et al., 1996; Jackson et al., 1990) . Disturbances in antigen presentation by What is the consequence to a differentiated cell once occupied by a virus that persists? In one example, inocuthe adenovirus E3 gene complex have been observed both in vitro (Furth et al., 1996; Jackson et al., 1990) and lation of newborn C3H/St mice with LCMV ARM leads to persistent infection during which the virus replicates in vivo (Efrat et al., 1995) . LCMV persists in vivo by two distinct mechanisms. First, mice infected neonatally or in growth hormone (GH)-producing cells of the pituitary gland's anterior lobe (Borrow and Oldstone, 1996) . Alin utero with LCMV become persistently infected for life because such animals are unable to mount an effective though no structural abnormality of such GH-producing cells is evident in vivo, the transcription of GH decreases antiviral CTL response as virus replicates in the thymus and specifically deletes (negative selection) LCMV-reacapproximately 16-fold with a resultant 5-fold reduction in GH mRNA and a 2-fold reduction in the synthesis of tive T cells (King et al., 1992; Pircher et al., 1989) .
Second, in such persistently infected mice, LCMV GH. The outcome is that the infected mouse fails to grow and develop, becomes hypoglycemic, and consevariants are generated and selected for replication in lymphocytes and macrophages (Ahmed and Oldstone, quently dies within 30 days. How does this GH deficiency occur? What roles do 1988). Unlike the wild-type parental virus, these variants, when inoculated into immunocompetent adult mice viral genes play? Experiments to answer these questions were based on the fact that LCMV ARM causes cause persistent infection. In contrast, similar inoculation of the parental virus generates LCMV-specific CTL GH disease in C3H/St mice, but other LCMV strains like WE do not. LCMV has a bisegmented negative-stranded and clears the virus so that neither persistent infection nor immunosuppression occurs. Genetic and biochemigenome consisting of two species of single-stranded RNA, designated L (large) and S (small). S RNA encodes cal analysis to compare the parental Armstrong-strain (ARM) virus and its progeny immunosuppressive varithe virus GP and nucleoprotein (NP), while L RNA encodes the viral polymerase (L) and a small protein (Z) ants (like Clone 13) revealed a Phe (wild-type) to Leu (immunosuppressive variant) change at amino acid 260 with an as yet unknown function but containing a zincbinding motif. Reassortants between LCMV ARM Clone of the viral glycoprotein (GP) as a marker for both classes of virus. Although several mutations occur in the ge53b (GH ϩ ) and WE Clone 54 (GH nil ) map the GH disease syndrome to genes encoded on the S RNA, i.e., the GP nome, this one is always associated with virus-induced immunosuppression. As early as three to five weeks or NP. To focus on the role of the viral GP and/or NP genes, advantage was taken of observations from RNA Studies from this and other models highlight a number of general principles. First, most viruses that persist viruses in which the high frequency of mutations occurring during replication created heterogeneous mixprobably do so by impairing either antigen presentation or CTL recognition. Hence, studies of persistent infectures of genetically closely-related genomes. Clones picked from a WE 54 (GH nil ) mixture of such quasispecies tions are likely to prove of value in dissecting the biology of both these pathways. Second, it is possible in vivo revealed that over 95% showed the same phenotype as the parental WE 54 clone in that they failed to cause and in vitro to manipulate viral genes to determine which ones are involved in specific diseases and how they GH disease. However, 5% of the isolated clones caused GH disease. Reassortants between a WE 54 clone that produce their effects. This strategy has been used successfully with several viruses. Unfortunately, space limicaused GH disease and those that did not mapped the defect to the S RNA. Sequencing showed that the NP tations in this review preclude discussion of similar analyses for host gene expression, gene knockout mice, or structure was conserved among the WE isolates but that mutations in the GP gene product at amino acid polymorphic microsatellites distributed along chromosomes used to map effects by host genes. Third, it is 153 caused a change from Ser to Phe. Interestingly this mutation occurred in the part of GP that has been implinow clear that, in addition to causing the GH syndrome presented here, viruses that persist can alter the funccated in binding to the LCMV receptor, suggesting that the defect in GP (WE 54 [GH nil ]) may be at the level of tion of the other differentiated cells in vivo including neurons, other endocrine cells, and cells of the immune receptor binding. To determine whether the NP gene from WE 54 (GH nil ) and ARM (GH ϩ ), once inside GHsystem. Recent evidence indicates that, in several instances, antiviral therapies can restore normalcy and forming cells, participated in the GH deficiency, two approaches were used. In the first, vaccinia recombicorrect such diseases. Since we humans are continually bathed in a sea of microbes, yet harmed by relatively nants were made that encoded LCMV ARM GP, NP, or non-LCMV genes. Such studies showed that LCMV NP, few, persistence by viruses is likely to be a common event, and viruses are likely to be responsible for a wide but not GP or the non-LCMV genes, disordered GH transcription in appropriately transfected cells. The second variety of illnesses whose cause is currently unknown. approach was construction of a transgenic mouse Selected Reading model in which the GH promoter expressed LCMV ARM NP. Under these conditions, the transgenic mice dis-
